Globally, over one-third of pregnant women are anaemic and Background: are at increased risk of postpartum haemorrhage (PPH). Tranexamic acid (TXA) given within 3 hours of birth significantly reduces death due to bleeding in women with PPH. However, for many, treatment is too late to prevent death from PPH. The WOMAN-2 trial aims to see if giving TXA can prevent PPH and other outcomes in women with moderate and severe anaemia. Assessing the impact of postpartum blood loss on women's own perceptions of their health and well-being is an important outcome for the WOMAN-2 trial. This study aimed to develop a conceptual framework and questionnaire to measure the impact of postpartum blood loss on participant-reported outcomes (PRO) in women with moderate and severe anaemia.
Introduction
There are about 100,000 maternal deaths from postpartum haemorrhage (PPH) every year with most occurring in low and middle income countries [1] [2] [3] [4] . Of the women who survive PPH, many suffer severe morbidity including hysterectomy which removes the possibility of having more children. The morbidity associated with PPH can also interfere with breastfeeding and bonding 5, 6 .
Despite efforts to prevent anaemia, many women give birth with low haemoglobin levels. Anaemia increases the risk of PPH 7 . In women with anaemia, even moderate bleeding can threaten their lives. Fatigue due to anaemia restricts a mother's ability to care for her children and impacts her well-being 8 . There is an urgent need to find an effective way to reduce postpartum bleeding in anaemic women.
The recently published WOMAN Trial of tranexamic acid (TXA) in women with PPH showed that, when given within 3 hours of birth, death due to bleeding was reduced by about 30% with no adverse effects 9, 10 . However, as most PPH deaths occur soon after giving birth and women with anaemia are at increased risk, treatment is too late to prevent death in many women. Trials of the prophylactic use of TXA to prevent PPH are inconclusive 11 , most have serious flaws 12 and very few collected data on maternal well-being.
The WOMAN-2 trial aims to determine the effects of TXA in women with moderate or severe anaemia who give birth vaginally 13 . Results from clinical trials of TXA in elective surgery show that TXA treatment seems to move the entire distribution of bleeding towards reduced blood loss by about one third irrespective of baseline blood loss 14 . If this is also the case in postpartum anaemic women, then trial participants have the potential to benefit whether or not they experience PPH, since even moderate or mild blood loss can have adverse health consequences in anaemic women 13 . Therefore, assessing the impact of any postpartum blood loss on a woman's own perceptions of her health and well-being is an important outcome for the WOMAN-2 trial. Including participant-reported outcomes (PRO) is emphasised as a core outcome for studies evaluating interventions for prevention of PPH 15 .
There are no standard measures, however, to assess the impact of blood loss on the health and well-being of women with varying degrees of anaemia at discharge from hospital after giving birth. This study aims to (1) build a conceptual framework to assess the impact of early postpartum blood loss on relevant PRO for women who give birth with moderate and severe anaemia and (2) develop a questionnaire to measure women's perceptions of aspects of their health and well-being that would be suitable for use in the WOMAN-2 trial.
Methods
An overview of the development process is provided in Figure 1 .
Phase 1: Initial conceptual framework and questionnaire design
Step A: A review of the literature was conducted to identify relevant domains of health and well-being for postpartum anaemic women and to identify existing questionnaires. An initial conceptual framework and an outline set of questions were developed. A group consisting of new mothers from our patient and public involvement (PPI) group in the UK attended a faceto-face meeting and added to the relevant domains and provided feedback on the outline set of questions. The questionnaire was further revised based on this feedback, team discussion, additional literature review, and existing tools which measured domains identified as important.
Step B: A protocol for pilot testing the questionnaire was developed. To test the appropriateness of our questions, we enrolled anaemic women who had vaginal births with no PPH, and anaemic women who had vaginal births and experienced a PPH. Women were enrolled from the postnatal wards of one hospital in Rawalpindi, Pakistan. We hypothesized that if women who experienced a PPH or severe anaemia answered the questions differently than women who did not experience a PPH or had moderate anaemia, then the questions would be able to detect the required differences in the WOMAN-2 trial.
The pilot study objectives included: (1) assessing whether questions address outcomes and experiences relevant to anaemic women who have just given birth; (2) assessing whether questions are understood similarly by participants and research team; (3) assessing whether questions and answer choices are clearly understood by participants; (4) how to accurately translate questions and answer choices; and (5) assessing whether anaemic women with different birth experiences, such as those who suffered a PPH, answer questions differently compared to those who did not. Women were eligible for inclusion in the pilot study if they had moderate or severe anaemia (haemoglobin <10 g/dl), had given birth vaginally (up to 42 days), and had not yet been discharged from the hospital. During the study period, medical records of women who gave birth at the hospital were reviewed. Eligible women were invited to participate. The number of participants to be enrolled in this study was anticipated to be dynamic, depending on how women answered draft questions and what types of issues were identified during the pilot. Enrolment was expected to be between 30-300 women.
Ethical approval was obtained from the London School of Hygiene & Tropical Medicine (Ref: 15206) and Rawalpindi Medical University, Rawalpindi, Pakistan, prior to initiating the pilot study. Participants provided written informed consent to participate. We recorded research findings using the draft questionnaire, cognitive interview questionnaire, and a daily debriefing form.
Phase 2: Modification and pilot testing
Step A: An expert panel of four local obstetricians at one hospital in Pakistan reviewed and modified the questionnaire and translated it into Urdu. The questionnaire was reviewed by a group of women soon after they had given birth and modified, and then tested on individual patients over three days.
Cognitive interviews explored participant understanding of questions and answer choices, whether participants understood the questions, whether they were able to say in their own words what the question was asking and any suggestions for improving the questions. Qualitative data were analysed at the end of each day and the questionnaire modified accordingly.
Step B: A final version of the questionnaire 16 was developed, translated, and printed into Urdu and English. This was tested between April and July 2018 at the hospital.
Phase 3: Quantitative analysis of pilot study
Step A: Descriptive statistics were used to describe background characteristics of the study population. Scores for the relevant domains were calculated for each participant. T-tests, Z-tests, linear and logistic regression (Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC) were used to explore the data and examine the association between how women reported their health and well-being and a) if they experienced PPH and b) if they had severe anaemia.
Step B: We examined the quantitative and qualitative results of the study and decided on the final conceptual framework and questionnaire for inclusion in the WOMAN-2 trial.
Results
Raw data for this study are available from LSHTM Data compass following free registration 16 .
Phase 1: Initial conceptual framework and questionnaire design
Step A: The outline set of questions sought participant reported perspectives on breastfeeding, symptoms of anaemia, feelings, and ability to do daily activities. The new mothers PPI group noted the following: asking about the mother's health and well-being would be welcomed, as immediately after birth much attention is focused on the baby, rather than the mother; the importance of keeping the questionnaire as short as possible; and that new mothers are worried about if they will be able to care for and feed their baby properly.
Step B: Further review of the literature identified the Multidimensional Fatigue Symptom Inventory-short form (MFSI-SF) 17, 18 , which was initially developed as a measure for cancer patients, and has been applied in different disease areas 19 . The MFSI-SF provides a composite score for multidimensional fatigue and includes scores for the test's five component domains: general fatigue, physical fatigue, emotional fatigue, mental fatigue, and vigour. This measure has been shown to have good psychometric properties, has been validated, and is recommended for use in studies 19 . We chose to test this instrument because of successful use in previous trials, and because it includes many of the domains we were interested in measuring, such as fatigue, energy levels, and feelings. Although the recall time and wording of the tool was not written for women who had recently given birth, the MFSI-SF was selected as an appropriate tool to adapt and test in this pilot study.
Phase 2: Modification and pilot testing
Step A: Key feedback on the draft questionnaire raised by the expert team of four local obstetricians included: women will be tired so questions should be kept short; many participants will have little education or be illiterate; and use of visual scales is not generally understood in this population. The overall structure of the questionnaire was kept, with slight modifications made to questions and answer choices. For the MFSI-SF, vernacular wording in the questions was first translated into more understandable English for international use, and then translated into Urdu.
Feedback froman initial group of six participants included: the set of questions about physical and mental abilities and feelings due to fatigue were inappropriate for them because these were primarily affected by pain; and answer responses should be short, simple, and consistent across the entire questionnaire, as was used in the MFSI-SF section. Participants discussed their experiences of having anaemia. Symptoms of anaemia stated by participants included: breathlessness, dizziness, shaky hands, feeling tired, feeling faint, heart palpitations, body aches and pains, and numbness. Due to these symptoms, some women reported being worried about themselves and their ability to take care of their children. Questionnaire changes included removal of questions asking about abilities and feelings due to fatigue; addition of a global question on pain; addition of a global question on wellness; addition of questions about anaemia symptoms for: feeling sleepy, feeling numbness, feeling of shaky hands; removal of all visual scales; and modification of all response choices to be consistent with the response choices used in the MFSI-SF. Important implementation factors learned at the review meeting were to conduct interviews in the morning, before hospital discharge, and to interview patients alone, with no relatives present.
Over three days, nine women participated in the portion of the pilot study which included cognitive interviews. Questionnaire administration and cognitive interviews revealed issues of clarity with question wording and translations. Changes to the questionnaire and translation were made continuously until participants easily understood the question meanings. For the MFSI-SF, it was necessary to add "since giving birth until now" to clarify the time period the question was referring to. This was because participants were not sure if the questions were referring to a period which included their pregnancy or not. Many of the questions also needed the additional clarification of "taking into account everything…" before the question. This was added to help participants focus on the overall nature of the question. For example, some participants had competing feelings, such as feeling elated for having a first baby, but deeply sad and worried since their baby had been taken to the intensive care unit. Once this phrase was added to the questions, participants were able to understand its meaning and more easily answer. Table 1 provides a comparison between the MFSI-SF and the adapted version for this pilot study. In addition to the changes mentioned above, clear instructions with a simple example were added at the beginning to introduce the process. Interviews were best conducted in the mornings, when women could lay in their beds and be more comfortable for the duration of the interview.
Step B: The final pilot questionnaire contained six domains and 41 questions. The six domains included: multidimensional fatigue (MFSI-SF: 30 questions), symptoms of anaemia (7 questions: dizziness, headache, heart beating fast/racing, feeling sleepy, numbness in hands and feet, shaky feeling in hands, difficulty breathing), statement of feeling ill (1 question), statement of feeling pain (1 question), statement about difficulty breastfeeding (1 question), and perception of expected ability to do usual activities once home (1 question). Each of the 41 questions had the same five response choices: not at all, a little, moderately, quite a bit, extremely.
Phase 3: Quantitative analysis of pilot study and finalisation of questionnaire
Step A: Baseline characteristics of the pilot study population are provided in Table 2 . A total of 124 women were enrolled in the final pilot study, ranging in age from 18-38 years. All participants had anaemia, with 23% having severe anaemia (<7 g/dl); 31.5% of the study population experienced a PPH.
Score calculations. The MFSI-SF scores were calculated as per instructions from the MFSI-SF tool 18, 20 . An overall anaemia symptoms score was calculated by adding the scores of seven separate anaemia symptom questions. Illness, pain, and expected ability to do usual activities were single questions. Because many women who experienced a PPH were not able to breastfeed, this information was combined with the question about difficulty breastfeeding by adding a score "worse" than "extremely" on the difficulty scale for women who were not breastfeeding.
For analyses examining illness, pain, expected ability to do usual activities, and breastfeeding, responses were categorised into two groups: those answering "not at all", "a little" or "moderately" or those answering "quite a bit" or "extremely" (with breastfeeding having one additional "worse" score after "extremely" to reflect not breastfeeding). Figure 2a , b shows there is strong evidence that participants who experienced PPH compared to those who didn't experience PPH, and those with severe anaemia compared to those with moderate anaemia, answered questions on the MFSI-SF differently, with those experiencing PPH or severe anaemia having higher scores, indicating they felt more fatigue. Figure 2c, d shows there is strong evidence that participants who experienced a PPH compared to those who didn't experience a PPH, and those with severe anaemia compared to those with moderate anaemia, reported more symptoms of anaemia. Similar results examining the same relationships, via multiple linear regression, are reported in Table 3 .
Adjusted analyses of subdomains within the MFSI-SF showed strong evidence that participants with PPH and participants with severe anaemia scored "worse" on different measures for fatigue ((general, physical, emotional, mental (severe anaemia only)) and vigour (PPH only) ( Table 3 ).
The pilot study results indicate that participants who experienced a PPH, when adjusted for severe anaemia, reported feeling more ill than participants without PPH (Table 3) . When considering reported difficulty breastfeeding together with not breastfeeding, women who experienced a PPH, when taking into account severe anaemia, reported more difficulty or "inability" to breastfeed.
In this analysis, there was no evidence of an association between reporting pain and experiencing PPH or severe anaemia (Table 3) . There was also no evidence of an association between reporting an expectation of difficulty of doing usual activities when going home and experiencing PPH or severe anaemia (Table 3) . Step B: A final analysis included consideration of the qualitative and quantitative results, pilot study implementer feedback, and objectives of the questionnaire in relation to the WOMAN-2 Trial. It was decided that the final pilot version of the conceptual framework (Figure 3 ) and the final version of the questionnaire were suitable for assessing health and well-being outcomes in the WOMAN-2 trial.
Discussion
The purpose of this study was to develop a conceptual framework and PRO questionnaire to measure maternal health and well-being outcomes for the WOMAN-2 trial. Our conceptual framework and questionnaire were developed through literature reviews, expert consultation, PPI consultation, and an iterative process of pilot testing questions with anaemic women in Pakistan who had just given vaginal birth and experienced different birth outcomes.
Limitations
A limitation of this study is that we pilot tested the questionnaire at one hospital in Pakistan, while the clinical trial will be carried out in multiple hospitals in Pakistan, Nigeria and Uganda. The hospital where the pilot was conducted draws from a population that may be more urban and affluent than other areas where the trial will be conducted. Due to the pragmatic nature of the pilot study, we enrolled 124 participants and were only able to translate and test the questionnaire in Urdu. The questionnaire for the clinical trial will ideally need to be tested and translated for use in other countries and other languages.
Multifaceted and iterative process
We used a multifaceted and iterative approach to develop our conceptual framework and PRO questionnaire. We consulted new mothers about their concerns after giving birth, and what measures would be important to include in assessing maternal health and well-being. We also consulted topic experts. Through our pilot study we modified questions and response choices until they were simple, clear, and easily understood by respondents. Language was an important factor for consideration, as different individuals can assign different meaning to the same words. We used the committee method of translation, rather than forward and backward translation, to ensure that the whole team agreed 
Description of pilot study population

Number of participants 124
Characteristics at baseline N (%)
Mean age (range) 27 Education level: some secondary education or above, n (%) 57 ( translations were accurate and would be understood in the same way in both English and Urdu. Results of our four-month pilot study with 124 participants showed that the questionnaire was easily understood by participants and had a 20-minute implementation time. These features are important for our population who are likely to be within hours or a few days of giving birth, and are therefore tired and in pain, with attention focused on their babies. Based on these findings, we believe the final questionnaire piloted in this study is acceptable and relevant to mothers, and feasible to implement in busy maternity wards.
Quantitative results
We examined the association between how women reported their health and well-being in six different domains and if they had experienced a PPH or severe anaemia.
MFSI, anaemia, feeling ill, breastfeeding. We found that women who experienced a PPH or had severe anaemia were more likely to report poorer outcomes with respect to the total MFSI-SF score, indicating that those women experienced statistically significant more fatigue. Although we did make modifications to the recall time and wording of the validated tool, the questionnaire performed well for our purposes and was sensitive enough to detect differences in multidimensional fatigue in our population. As expected, women who had severe anaemia reported more severe symptoms of anaemia compared to women with moderate anaemia. This demonstrates that our set of questions are able to detect differences in symptoms which are important to women. Our results showed that women who experienced a PPH or were severely anaemic were more likely to report feeling ill. In our study, 39 women experienced a PPH, of which 23 were not breastfeeding at the time of the questionnaire. For our analysis examining the associations of PPH and severe anaemia on breastfeeding, we chose to combine the two most difficult levels of breastfeeding with not breastfeeding to more accurately reflect the effect a PPH or severe anaemia might have on a woman's ability to breastfeed. Based on results of this pilot study, for the WOMAN-2 trial, we will include an additional question about why the participant is not breastfeeding, so we can exclude women who have specific reasons why they are not breastfeeding which are unrelated to the effects of PPH or anaemia.
Pain, expected ability to do usual activities once home. Based on discussions with participants, we understood that pain was a symptom which was affecting their well-being immediately after childbirth. Our results did not show that women who experienced a PPH or had severe anaemia reported more pain. This may be because pain is common across all postpartum women and may not be affected by PPH or anaemia. We decided to keep this question in the final questionnaire for the clinical trial because this outcome was identified as important to participants and may impact physical abilities such as walking which is being assessed in the trial. Our question about expected difficulty to do usual activities once home also did not show that women who experienced PPH or severe anaemia answered that question differently than women who did not experience PPH or had moderate anaemia. This result could be because the effects of a PPH or severe anaemia were not such to warrant women stating they expected more difficulty to do their usual activities. Alternatively, this result might be due to specific cultural circumstances: families in the area of our pilot study typically expect a postpartum woman to rest, while female family members take care of chores. This cultural practice may not be the case in other populations where the WOMAN-2 trial will be conducted, or where populations are less affluent. Another possible explanation is that this question, unlike other questions, asks a woman to anticipate her future situation. Women may answer this question based on their hopes, rather than on their realities or their fears. For these reasons and because women shared with us their concerns about being able to take care of their children, we chose to keep this question in the final questionnaire for the WOMAN-2 trial.
Conclusion
We have developed a conceptual framework and PRO questionnaire to measure how blood loss affects anaemic women's health and well-being. Our iterative and multi-faceted approach, using qualitative and quantitative methods, has allowed us to develop a questionnaire which measures health and well-being outcomes important to mothers, which is clear and acceptable to women in the immediate postpartum period, and which has demonstrated sensitivity with respect to detecting differences in how women who experience PPH or severe anaemia answer questions. The final conceptual framework and questionnaire used in our pilot study will be included in the WOMAN-2 trial to be conducted in Pakistan, Nigeria, and Uganda.
Data availability
Underlying data
The anonymised data used for the quantitative analysis is available from the freeBIRD data portal at https://freebird.lshtm.ac.uk/index. php/data-sharing/downloads/woman-2-pilot-study/ following free registration: DOI https://doi.org/10.17037/DATA.00001109 16 .
Extended data
The full questionnaire generated for the study is available from the freeBIRD data portal at https://freebird.lshtm.ac.uk/index. php/data-sharing/downloads/woman-2-pilot-study/. following free registration: DOI https://doi.org/10.17037/DATA.00001109 16 .
Data are available under the terms of an Open Data Commons Attribution License (ODC-By) licence.
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